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INTRODUCTION 
The complex microstructure of two-phase titanium alloys can produce considerable 
ultrasonic backscattering noise. The noise introduces problems in detecting small flaws, 
such as hard-alpha inclusions, by forming a background which can mask the flaw signals. 
Therefore better understanding of grain noise is required to quantify and increase the 
detectability of the small flaws. As an aid to understanding the grain noise, an independent 
scattering model was constructed and studied during last two years by Margetan and 
Thompson.l.2 In that model for the back scattered noise generated by a tone burst, the grain 
noise is described by following equation2 
N(t) = FOM x M(t) (1) 
where N(t) is the rms grain noise, FOM is a material characteristic parameter and M is a 
factor that depends on the detailed description of the experimental configuration as well as 
the ultrasonic attenuation. The argument, t, is the time delay at which the noise is observed 
and can be related to a spatial position within the material. Since the model gives an explicit 
functional form for M, it is possible to use Eq. (l) to infer the FOM from a measurement of 
N(tV Figure 1 presents the results of such a measurement in which the noise was observed, 
through each of three orthogonal sides of a set of four Ti-6246 specimens, whose history of 
heat treatment is summarized in Table 1.2 The FOM's of each of specimens AI, A2 and B2 
varied by an order of magnitude, depending on the side of the measurement. However, on 
specimen CI, which was annealed above the beta transus of 1775 OF, the noise was nearly 
isotropic. The purpose of this paper is to understand the origin of this anisotropy. 
The anisotropic behavior of the FOM is governed by the ultrasonic scattering 
characteristics of the material, as determined by its structure. For example, Rose has derived 
the explicit functional form for single-phase, equi-axed microstructure.3 The structure of 
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Figure I. FOM of Ti-6246 Specimens at 15 MHz (after Ref. [2]). 
most alloys contains several components such as grains, secondary phases etc. Among 
them, this article focuses on the characteristics and effects of the alpha and beta phases in 
commercial titanium alloys and, in particular, on certain macrostructural characteristics 
which they exhibit. 
MICROSTRUCTURE AND MACROSTRUCTURE OF TI- 6246 SPECIMENS 
To understand the previously reported anisotropy of the FOM 2, micrographs, i. e., 
metallographs of the grain structure, were first studied. A set of typical micrographs of the 
three sides of specimens Al A2 and B2 is shown in Figure 2. The white spots represent 
primary alpha phases and grey regions are a mixture of alpha (white) and beta (black). Even 
though A2 was one of the specimens which had an anisotropic FOM, the micrographs of 
three sides did not show any significant differences. Micrographs of specimen C I, which 
show prior beta boundaries, also showed no signs of any significant differences between the 
sides.2 
In titanium alloys there is another scale of structure, whose elements we will call 
macrograins (corresponding to the macrograph which reveals this large-scale structure). 
The macrograins are related to prior beta grains as will be discussed later in this article. 
Figure 3 and Figure 4 show the macrographs of the three sides of specimens A2 and C I 
respectively. These were obtained after etching the specimens in 8% fluoric and 40% nitric 
acid solution. The macrographs of A2 clearly display difference between sides. A2 has 
elongated macrograins and lowest grain noise was obtained when the ultrasound propagated 
in the elongated direction. B2 and Al also showed similar results. However, CI, which 
Table 1. Summary of heat treatments and FOM results of Ti-6246 specimens 
Specimen Annealing Annealing Cooling Degree of 
Temperature Time Method Anisotropy 
------------ ---------------- ------------- ---------- --------------
Al 1670 OF 1 Hr air cool high 
A2 1745 OF 1 Hr air cool high 
B2 1745 OF 8 Hr water quench high 
CI 1795 OF 1 Hr air cool low 
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Figure 2. Microstructure of specimen A2 ( high anisotropy of grain noise), after ref. [2] 
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had nearly isotropic grain noise, had relatively equi-axed macrograins on each side. These 
macrograins appear to correspond to the prior beta boundaries seen in the micrographs.2 
Therefore, the macrograin characteristics were consistent with the grain noise behavior for 
each specimen. 
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Figure 4. Macrostructure of specimen Cl ( low anisotropy of grain noise) 
The characteristics of the macro/micrograins strongly depends upon the history of 
heat treatment, especially annealing and cooling. During alloy processing, the specimens 
were annealed either above or below the beta transus. If the annealing temperature was 
above the beta transus, then only the beta phase was present at the beginning of cooling. On 
the other hand, if it was below the beta transus, then both alpha and beta phases exist 
initially. 
In either case, the beta phase changes its microstructure upon cooling as shown in 
Figure 5. 3 As temperature decreases relatively fast, the alpha phase starts to nucleate on the 
beta phase boundary. The alpha nuclei grow in preferred directions which are parallel to 
{ IIO} of beta phase. The detailed mechanism of the growth is related to cooling rate. 
Generally, if the specimen was water quenched, the alpha (white) would be marten sites and 
if it was air cooled, alpha (white) would be acicular alpha. Since the alpha phases grow 
along specific directions of beta phases, they form strong texture inside the prior beta phases. 
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CHARACTERIZATION 
If the above hypothesis is right, there should be a strong local texture inside prior 
beta phases. However, since the beta phases were randomly oriented at the annealing 
temperature, the average texture is expected to be relatively weak as observed over the entire 
sample. To examine the hypothesis, two experiments were performed. First, the 
hypothesized strong local texture variation was examined by pole figure measurements with 
a small beam size. Second, the weak overall average texture was studied by pole figure 
measurement with oscillation and by acoustic velocity measurements. By oscillation, we 
refer to a procedure in which the sample translates during the measurement so that a larger 
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Figure 5. Microstructure development during cooling (after Ref. [4]) 
surface area is examined. Here, the beam size was Imm x Imm which was smaller than an 
average macrograin (lmm x 5mm) and 28 was 30.035 degrees which corresponds to 
diffraction from { 1212} planes of alpha. Diffraction intensities are represented by contours 
in a pole figure, with high contour values corresponding to strong local orientations which 
produce high diffraction intensities at the indicated angles (poles). When particular poles 
occur at different locations in the pole figure when the beam interrogates different regions 
of the sample, this is an indication of local variations in texture. 5 
1747 
Relativf intensity levels: 
0.600 
0.900 
1.200 
1.500 
- 1 . BOC 
2 . 100 
2.400 
(;5 lip X ..... 
/1 
..... . I . .,,;.-
' ...... " .... . ....... , ' , .. 
1 
Figure 6. Pole figure of specimen A2 without oscillation 
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Figure 8. Pole figure of specimen A2 with oscillation 9 mm x 9 mm 
Table 2. Longitudinal wave velocities of Ti-6246 specimens (cm/micro sec) 
specimen sidel side2 side3 
------------
Al 0.602 0.603 0.604 
A2 0.604 0.602 0.604 
B2 0.598 0.593 0.597 
CI 0.604 0.605 0.605 
First, several pole figures were taken at different positions on specimen A2 without 
oscillation so that the interrogated area being smaller than typical macrograin size. Figure 6 
and Figure 7 are typical examples of such pole figures. The results were as follows. One 
or two poles existed at different locations depending on the beam position. That means 
there was relatively strong texture at each position but the texture was different from position 
to position. This is taken to confirm the notion that a strong, locally varying texture exists. 
On the other hand, as the oscillation length becomes longer, more poles started to 
appear simultaneously at different locations, as Figure 8 shows. Therefore, in this case, 
there was relatively weak texture in the covered area. The weak overall texture was also 
consistent with acoustic velocity measurements. Acoustic velocities were measured as 
follows. Longitudinal waves generated by a transducer traveled through water and into the 
specimen at normal incidence. Time differences between the front surface signal and the 
back surface signal or between two backsurface signals were measured. The time 
differences were divided by two times the thickness of the specimen to yield ultrasonic 
velocities. While traveling between the front surface and back surface, the wave passed 
through a number of macrograins. Therefore, the calculated velocity was considered to be a 
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through a number of macrograins. Therefore, the calculated velocity was considered to be a 
result of the elastic properties averaged over the macrograins. The resulting data are shown 
in Table 2. As the data shows, there was a velocity difference less than 0.8% between 
observations made on the three orthogonal sides for each specimen. The elastic anisotropy 
of a single crystal of alpha or beta titanium exceeds this value by over an order of magnitude. 
Therefore, it may be concluded that there is weak overall average texture in all specimens, 
which is consistent with the above pole figure result. 
CONCLUSION 
The microstructure ofTi-6246 was strongly dependent on heat treatment, which also 
affects grain noise behavior. For instance, when the annealing temperature was higher than 
the beta transus, the initial phase was only beta, which transformed to marten sites and beta 
after cooling. The macrograins had equiaxed shapes which resulted in isotropic grain noise. 
On the other hand, when the annealing temperature was below the beta transus, initial phases 
were beta and primary alpha and the final ones were primary alpha and mixture of acicular 
alpha and beta. The macrograins had the shape of prolate spheroids, which was responsible 
for the anisotropic grain noise. The lowest grain noise was obtained when the ultrasonic 
waves propagated in the elongated direction, which was parallel to a billet axis. 
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